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Accidental air entry during central venous catheterization is a preventable iatrogenic complication that can cause venous air
embolism (VAE). Many cases of VAE are subclinical with no adverse outcome and thus go unreported. Usually, when symptoms
are present, they are nonspeciﬁc, and a high index of clinical suspicion of possible VAE is required to prompt investigations and
initiate appropriate therapy. Occasionallylarge embolism can leadto life-threatening acute cor pulmonale, asystole,sudden death,
and arterial air embolism in the presence of shunt or patent foramen ovale. This paper discusses VAE during emergency central
line placement and the diagnostic dilemma that it can be created in critically ill patients. All necessary precautions have to be
strictly followed to prevent this iatrogenic complication.
1.Introduction
Venous air embolism (VAE) is a subset of gas embolism
which can result in serious morbidity and mortality. It is
a common iatrogenic complication and most often associ-
ated with invasive vascular procedures, hemodialysis, central
venous catheterization, high-pressure mechanical ventila-
tion, thoracentesis, and diagnostic radiocontrast injection
[1–5]. We report a case of VAE in a critically ill patient
detected incidentally in CT imaging, and the air was found
in the hepatic venous system. The major concerns were to
exclude serious intra-abdominal pathology, such as bowel
wall ischemia, intra-abdominal abscess, and septic throm-
bophlebitis that might have caused it. When such etiologies
are excluded, it is essential to exactly pinpoint the iatrogenic
cause, so that it can be prevented in the future. Most im-
portant is to prevent the entry of air into the systemic venous
circulation that can result in acute cor pulmonale, reduced
cardiac output, and cardiovascular collapse [6–8].
Generally small amount air in the venous system gets
absorbed spontaneously without any sequelae, but rapid
entry or large amount of air can result in signiﬁcant morbid-
ity and mortality. VAE has primary complications resulting
from “air lock” in the right ventricular (RV) outﬂow tract
increasing the RV strain and reducing the cardiac output.
2.Case Report
Wepresent a73-year-old femalewho was admittedforevalu-
ation of syncope. Her past medical history included diabetes
mellitus, hypertension, coronary artery disease, dementia,
and schizophrenia. She had undergone coronary artery by-
pass graft surgery, cholecystectomy, and cervical spine
surgery many years ago. She did not undergo any recent
surgery or sustain trauma or head injury. Her examination
ﬁndings were within normallimits. Laboratoryﬁndings were
signiﬁcant for mild anemia, mild prerenal insuﬃciency, and
evidence of urinary infection. CT imaging of the brain, elec-
troencephalogram, carotid doppler study, and chest X-ray
were within normal limits. Her mild prerenal insuﬃciency
improved with intravenous ﬂuid hydration.
On the next day of admission, she developed altered
mental status and desaturation. She was hypoxic (SpO2 82%
on100%FiO2) and hypoglycemic (blood glucose37mg/dL),
but, despite correction of glucose level with intramuscular
glucagon, she remained minimally responsive and hypoxia
persisted. As her peripheral venous line was inﬁltrated,
immediate bedside femoral central venous line was placed
and peripheral line was removed. She was intubated for
airway protection and acute respiratory failure. Immediately
after central line placement, she underwent stat CT imaging2 Critical Care Research and Practice
Figure 1: Scout ﬁlm delineating the hepatic venous system sec-
ondary to air contrast (arrows).
Figure 2: CT image of the liver shows air delineating the hepatic
venous system (arrow).
of the chest with intravenous contrast medium (Pulmonary
Embolism PE protocol) which did not show any evidence
of pulmonary embolism. The scout ﬁlm showed abnormal
venograminvolvingair contrastinthehepaticvenoussystem
ﬂowing towardsinferiorvena cava,and no airwasseen in the
portal venous system or biliary tract (Figure 1).
Sequential images from lower sections of CT of the chest
study showed air in the entire hepatic venous system and
air-contrast level in the inferior vena cava (Figures 2 and
3). Bedside echocardiography did not show any evidence of
air in the right atrium, right ventricle or pulmonary artery.
Patient was ventilated with 100%FiO2 and positioned in the
left lateral position.
CT imaging of the abdomen with oral (via nasogastric
tube) and intravenous contrast medium was performed to
rule out intra-abdominal pathology. Normal contrast ﬁlled
the hepatic venous system and inferior vena cava, but the air
in the hepaticveins and inferior vena cavahas disappeared in
2hours(Figures4 and 5). There was no evidence of bile duct
stone or dilatation. Her gall bladder was absent secondary
to cholecystectomy, and there was no evidence of bowel wall
ischemia, inﬂammatory process, pancreatitis, or abscess.
Figure 3: CT image of the liver shows air in the hepatic veins
(arrow) and air-contrastlevel in the inferior vena cava (arrowhead).
Figure 4: CT image of the liver shows normal contrast enhance-
ment of hepatic venous system (arrow). It also shows bibasilar
atelectasis.
3.Discussion
In this case, the air in the hepatic venous system was iatro-
genic, and it probably happened with inadvertent air entry
during central venous catheterization. VAE is a well-known
complication of central venous placement [1, 2, 9]a n dc a n
also happen during improper removal of the central venous
line [10, 11].
Our major concern was to prevent embolism to right
heart andpulmonary artery which was accomplishedbyhigh
supplemental oxygen and patient positioning. Bedside echo-
cardiography conﬁrmed the absence of air bubbles in the
right heart and pulmonary artery and did not show any
evidence of right ventricular strain or dilatation.
The next concern was to exclude the presence of serious
abdominal conditions or sepsis in view of her clinical
deterioration. In a critically ill patient, serious abdominal
conditions that can lead to hepatic-portal venous gas have to
be excluded before attributing it to iatrogenic complication,
and they are summarized in Table 1 [7, 8]. Contrast-
enhanced abdominal imaging helped us rule out most of the
serious conditions.Critical Care Research and Practice 3
Figure 5: CT image of the liver shows normal contrast enhance-
ment in the inferior vena cava and hepatic vein (curved arrows).
Table 1: Important causes of hepatic portal venous gas in critically
ill patients.
Bowel wall ischemia
Intra-abdominal abscess
Septic thrombophlebitis
Suppurative cholangitis
Diverticulitis
Pancreatitis
Necrotizing enterocolitis
Inﬂammatory bowel disease
Intestinal obstruction
Paralytic ileus
Abdominal trauma (penetrating or blunt)
It was necessary to diﬀerentiate the venous air pattern in
the liver from pneumobilia, which is found centrally, that
is, more than 2cm away from the liver capsule due to the
centripetal ﬂow of bile [12, 13]. In this case the air column
in the hepatic venous system was communicating with air
level in the inferior vena cava, and there was no evidence of
common bile duct air or obstruction.
Equally important was to rule out accidental air injec-
tion along with radiocontrast injection, and this iatrogenic
complication has been reported in the literature [3–5]. The
diﬀerentiating feature was the presence of pneumovenogram
in the scout ﬁlm which implied that air embolism happened
even before contrast injection. Our patient did neither have
any evidence of serious abdominal pathology nor pneumo-
bilia, and the air embolism happened before radiocontrast
injection, which narrowed the etiology on inadvertent air
entry during central venous catheterization. Air is easily
entrained into the vascular space when a needle or catheter
is left open to the atmosphere. Fatal doses of air measuring
as little as 20mL can be aspirated in seconds through a large
borecatheter[8].Uprightpositioning, hypovolemia,sponta-
neous inhalation during instrumentation, and inattention to
Table 2: Complications of venous air embolism.
Hemodynamic
Increased pulmonary vascular resistance
Pulmonary artery hypertension
Increased right ventricular pressure
Decrease in cardiac output
Myocardial ischemia
Pulmonary
Hypoxemia (from alveolar ﬂooding and
ventilation-perfusion mismatching)
Increased physiologic dead space
Decreased lung compliance secondary to
pulmonary edema
Increased airway resistance (postulated to be
due to release of bronchoconstricting
mediators such as serotonin and histamine
from endothelium damaged by the air
bubbles)
Systemic
Ischemic damage from microcirculation by
air bubbles
Secondary tissue damage from the release of
inﬂammatory mediators and oxygen free
radicals
catheter seals increase the risk for entraining air. Trendelen-
burgpositioning,Valsalvamaneuver,promptneedle/catheter
occlusion, and tight intravenous connections help to avoid
this complication [8].
Improper removal of central venous lines can also result
in venous air embolism. Therefore, central venous catheters
should be removed while the patient is either supine or in
Trendelenburg position, and the insertion site must imme-
diately be covered with a sterile gauze, with ﬁrm manual
pressure maintained until hemostasis is achieved. The inser-
tion site must then be covered with an air-occlusive dressing,
a n di ts h o u l dr e m a i ni np l a c ef o r2 4t o7 2h o u r s[ 10]. It is
also important to remember that urgent care is required to
preventairembolism after theaccidentalremoval ofacentral
venous catheter. As our patient did not have any ongoing
disease to maintain air accumulation, the air disappeared
without causing any serious clinical consequences.
Rapid entry or large volume of air (over 50mL) can lead
to acute cor pulmonale, asystole, or both [6]. Obstruction
of the pulmonary outﬂow tract “air lock” diminishes blood
ﬂow from the right heart and results in increased central
venous pressure and reductions in pulmonary and systemic
arterial pressures [7]. Smaller bubbles within the pulmonary
arterioles can impede blood ﬂow directly and result in
vasoconstriction and also can result in secondary tissue
damage from the release of inﬂammatory mediators and
oxygen free radicals, as summarized in Table 2 [8]. Depend-
ing on the severity of air embolism, treatment includes
high-ﬂow supplemental oxygen, hyperbaric oxygen therapy,
patient positioning (left lateral decubitusand Trendelenburg
positions), closed chest cardiac massage, and intracardiac
aspiration of air [8].4 Critical Care Research and Practice
4.Conclusion
The educationalobjective ofthis paper isto stress the impor-
tanceofstrictprecautionsthatneedtobefollowed toprevent
venous air entry during central venous catheterization, as
well as with removal of central venous lines. Following safety
precautions can preventVAE and also will avoidunnecessary
investigations and complications. Prompt management and
improved outcome requires a high index of suspicion and
early detection of venous air emboli.
References
[ 1 ]C .M .M u t ha n dE .S .S h a n k ,“ G a se m b o l i s m , ”The New
England Journal ofMedicine,vol.342,no.7,pp.476–482,2000.
[2] M.J.LambertIII,“Airembolismincentralvenouscatheteriza-
tion: diagnosis, treatment, and prevention,” Southern Medical
Journal, vol. 75, no. 10, pp. 1189–1191, 1982.
[3] S. R. Ie, M. H. Rozans, and H. M. Szerlip, “Air embolism after
intravenous injection of contrast material,” Southern Medical
Journal, vol. 92, no. 9, pp. 930–933, 1999.
[4] J.H.WoodingandA.M.Fried,“Nonfatalvenousairembolism
after contrast-enhanced CT,” Radiology, vol. 167, no. 2, pp.
405–407, 1988.
[5] S. Imai, T. Tamada, M. Gyoten, T. Yamashita, and Y. Kajihara,
“Iatrogenic venousairembolismcausedbyCT injector—from
a risk managementpoint of view,” Radiation Medicine,vol.22,
no. 4, pp. 269–271, 2004.
[6] S.C.Palmon,L.E.Moore,J.Lundberg, andT.Toung,“Venous
air embolism: a review,” Journal of Clinical Anesthesia,v o l .9 ,
no. 3, pp. 251–257, 1997.
[7] S. L. Orebaugh, “Venous air embolism: clinical and experi-
mental considerations,” Critical Care Medicine,v o l .2 0 ,n o .8 ,
pp. 1169–1177, 1992.
[8] L. C. O’Dowd and M. A. Kelley, “Air embolism,” UpTo-
Date 2010; version 18.1, http://www.uptodate.com/home/
index.html.
[9] R. A. van Hulst, J. Klein, and B. Lachmann, “Gas embolism:
pathophysiologyandtreatment,” Clinical PhysiologyandFunc-
tional Imaging, vol. 23, no. 5, pp. 237–246, 2003.
[10] P.Mennim,C. F.Coyle, andJ.D. Taylor, “Venousair embolism
associated with removal of central venous catheter,” British
Medical Journal, vol. 305, no. 6846, pp. 171–172, 1992.
[11] W. S. Turnage and J. V. Harper, “Venous air embolism occur-
ring after removal of a central venouscatheter,” Anesthesia and
Analgesia, vol. 72, no. 4, pp. 559–560, 1991.
[12] E. M. Y. Chia, L. L. S. Teo, and S. K. Venkatesh, “Clinics in
diagnostic imaging (128),” Singapore Medical Journal, vol. 50,
no. 10, pp. 1023–1029, 2009.
[13] N.SusmanandH.R.Senturia,“Gasembolizationoftheportal
venous system,” American Journal of Roentgenology, Radium
Therapy, and Nuclear Medicine, vol. 83, pp. 847–850, 1960.